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Receive a plurality of broadcast signals at the user \ 
terminal. 

l 
Determine a pseudorange between the user terminal and N 

the transmitter of each of the broadcast signals. 

i 
Determine a position of the user terminal based on the 
pseudoranges and a location of each of the transmitters. 
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Receive broadcast signals at the PTT. 

Compute the position of the PTT based on the received 
signals. 

Generate a ranging signal that includes a known 
component of a television signal. 

l 
Broadcast a signal comprising the ranging signal and a 
position signal comprising a description of the position of 

the PTT. 
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Receive RF signals 
from coupler. 

l 
Recover ranging 
signals from RF 

signals. 

l 
Generate correlation 
outputs each based 
on a ranging signal 
and a reference 

waveform. 
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Generate comparator 
outputs each based 

on a correlation output 
and a correlation 

template. 
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Generate self-test 
output representing 
comparator outputs. 
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PSUEDO TELEVISION TRANSMITTERS 
FOR POSITION LOCATION 

BACKGROUND 

[0001] The present invention relates generally to position 
determination using television signals, and particularly to 
position determination using components of television sig 
nals transmitted by portable transmitters. 

SUMMARY 

[0002] In general, in one aspect, the invention features an 
apparatus comprising: a signal generator to generate an 
radio-frequency (RF) signal comprising a ranging signal 
comprising a component of a television signal; a Wireless 
transmitter to Wirelessly transmit the RF signal; and a 
self-check unit comprising a receiver to receive the RF 
signal, and to recover the ranging signal from the RF signal, 
a pseudorange circuit to determine a pseudorange based on 
the ranging signal, and a self-test circuit to generate a 
self-test output based on the pseudorange. 
[0003] Some embodiments comprise a Wireless receiver to 
Wirelessly receive a plurality of second RF signals; and a 
signal processor to determine a position of the Wireless 
transmitter based on the second RF signals; Wherein the RF 
signal comprises a signal representing the position of the 
Wireless transmitter. In some embodiments, the second RF 
signals comprise at least one of the group consisting of: a 
television signal; and a satellite positioning signal. In some 
embodiments, the signal generator generates a second RF 
signal comprising the ranging signal; Wherein the Wireless 
transmitter Wirelessly transmits the second RF signal; 
[0004] Wherein the receiver receives the second RF signal, 
and recovers the ranging signal from the second RF signal; 
Wherein the pseudorange circuit determines a second pseu 
dorange based on the ranging signal recovered from the 
second RF signal; and 
[0005] Wherein the self-test circuit comprises a group 
delay circuit to determine a relative group delay betWeen the 
RF signals based on the pseudoranges; and Wherein the 
self-test output represents the relative group delay. In some 
embodiments, the self-test circuit comprises: a correlator to 
generate a correlation output based on the ranging signal and 
a reference Waveform; and a comparator to generate a 
comparator output based on the correlation output and a 
correlation template; and Wherein the self-test output repre 
sents the comparator output. In some embodiments, the 
self-test circuit comprises: a Wireless receiver to Wirelessly 
receive a second RF signal comprising a second ranging 
signal comprising a component of a television signal, and to 
recover the second ranging signal from the second RF 
signal; and a second pseudorange circuit to determine a 
second pseudorange based on the second ranging signal; 
Wherein a station comprising a transmitter of the second RF 
signal generates a third pseudorange based on the ranging 
signal and a fourth pseudorange based on the second ranging 
signal; Wherein a range betWeen the station and the appa 
ratus is determined based on the pseudoranges. In some 
embodiments, the self-test circuit further comprises: a range 
circuit to determine the range, Wherein the self-test output 
represents the range. Some embodiments comprise a ?rst 
clock, Wherein the ranging signals are generated according 
to the ?rst clock; and Wherein the self-test circuit comprises 
a Wireless receiver to Wirelessly receive a second RF signal 
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comprising a second ranging signal comprising a component 
of a television signal, Wherein the second ranging signal is 
generated according to a second clock, and to recover the 
second ranging signal from the second RF signal; and 
[0006] a second pseudorange circuit to determine a second 
pseudorange based on the second ranging signal; Wherein a 
station comprising a transmitter of the second RF signal 
generates a third pseudorange based on the ranging signal 
and a fourth pseudorange based on the second ranging 
signal; and Wherein a clock bias betWeen the ?rst and second 
clocks is determined based on the pseudoranges. In some 
embodiments, the self-test circuit further comprises: a clock 
bias circuit to determine the clock bias, Wherein the self-test 
output represents the clock bias. 
[0007] In general, in one aspect, the invention features an 
apparatus comprising: means for generating an radio-fre 
quency (RF) signal comprising a ranging signal comprising 
a component of a television signal; means for Wirelessly 
transmitting the RF signal; and means for self-checking 
comprising means for receiving the RF signal, and for 
recovering the ranging signal from the RF signal, means for 
determining a pseudorange based on the ranging signal, and 
means for generating a self-test output based on the pseu 
dorange. Some embodiments comprise means for Wirelessly 
receiving a plurality of second RF signals; and means for 
determining a position of the means for Wirelessly transmit 
ting based on the second RF signals; Wherein the RF signal 
comprises a signal representing the position of the means for 
Wirelessly transmitting. In some embodiments, the second 
RF signals comprise at least one of the group consisting of: 
a television signal; and a satellite positioning signal. In some 
embodiments, the means for generating generates a second 
RF signal comprising the ranging signal; Wherein the means 
for Wirelessly transmitting Wirelessly transmits the second 
RF signal; Wherein the means for receiving receives the 
second RF signal, and recovers the ranging signal from the 
second RF signal; Wherein the means for determining a 
pseudorange determines a second pseudorange based on the 
ranging signal recovered from the second RF signal; and 
Wherein the means for generating a self-test output com 
prises means for determining a relative group delay betWeen 
the RF signals based on the pseudoranges; and Wherein the 
self-test output represents the relative group delay. In some 
embodiments, the means for generating a self-test output 
comprises: means for generating a correlation output based 
on the ranging signal and a reference Waveform; and means 
for generating a comparator output based on the correlation 
output and a correlation template; and 

[0008] Wherein the self-test output represents the com 
parator output. In some embodiments, the means for gener 
ating a self-test output comprises: means for Wirelessly 
receiving a second RF signal comprising a second ranging 
signal comprising a component of a television signal, and for 
recovering the second ranging signal from the second RF 
signal; and means for determining a second pseudorange 
based on the second ranging signal; Wherein a station 
comprising a transmitter of the second RF signal generates 
a third pseudorange based on the ranging signal and a fourth 
pseudorange based on the second ranging signal; Wherein a 
range betWeen the station and the apparatus is determined 
based on the pseudoranges. In some embodiments, the 
means for generating a self-test output further comprises: 
means for determining the range, Wherein the self-test 
output represents the range. Some embodiments comprise 
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?rst means for clocking, wherein the ranging signals are 
generated according to the ?rst means for clocking; and 
Wherein the means for generating a self-test output com 
prises means for Wirelessly receiving a second RF signal 
comprising a second ranging signal comprising a component 
of a television signal, Wherein the second ranging signal is 
generated according to a second clock, and to recover the 
second ranging signal from the second RF signal; and means 
for determining a second pseudorange based on the second 
ranging signal; Wherein a station comprising a transmitter of 
the second RF signal generates a third pseudorange based on 
the ranging signal and a fourth pseudorange based on the 
second ranging signal; and Wherein a clock bias betWeen the 
?rst means for clocking and the second clock is determined 
based on the pseudoranges. In some embodiments, the 
means for generating a self-test output further comprises: 
means for determining the clock bias, Wherein the self-test 
output represents the clock bias. 
[0009] In general, in one aspect, the invention features a 
method comprising: generating an radio-frequency (RF) 
signal comprising a ranging signal comprising a component 
of a television signal; Wirelessly transmitting the RF signal; 
and self-checking comprising 
[0010] receiving the RF signal, recovering the ranging 
signal from the RF signal, determining a pseudorange based 
on the ranging signal, and generating a self-test output based 
on the pseudorange. 

[0011] Some embodiments comprise Wirelessly receiving 
a plurality of second RF signals; and determining a position 
based on the second RF signals; Wherein the RF signal 
comprises a signal representing the position. In some 
embodiments, the second RF signals comprise at least one of 
the group consisting of: a television signal; and a satellite 
positioning signal. Some embodiments comprise generating 
a second RF signal comprising the ranging signal; Wirelessly 
transmitting the second RF signal; receiving the second RF 
signal; recovering the ranging signal from the second RF 
signal; determining a second pseudorange based on the 
ranging signal recovered from the second RF signal; and 
Wherein generating a self-test output comprises determining 
a relative group delay betWeen the RF signals based on the 
pseudoranges; and Wherein the self-test output represents the 
relative group delay. In some embodiments, generating a 
self-test output comprises: generating a correlation output 
based on the ranging signal and a reference Waveform; and 
generating a comparator output based on the correlation 
output and a correlation template; and Wherein the self-test 
output represents the comparator output. In some embodi 
ments, generating a self-test output comprises: Wirelessly 
receiving a second RF signal comprising a second ranging 
signal comprising a component of a television signal; recov 
ering the second ranging signal from the second RF signal; 
and determining a second pseudorange based on the second 
ranging signal; Wherein a station comprising a transmitter of 
the second RF signal generates a third pseudorange based on 
the ranging signal and a fourth pseudorange based on the 
second ranging signal; Wherein a range from the station is 
determined based on the pseudoranges. In some embodi 
ments, generating a self-test output further comprises: deter 
mining the range, Wherein the self-test output represents the 
range. Some embodiments comprise generating the ranging 
signals according to a ?rst clock; and Wherein generating a 
self-test output comprises Wirelessly receiving a second RF 
signal comprising a second ranging signal comprising a 

Dec. 27, 2007 

component of a television signal, Wherein the second rang 
ing signal is generated according to a second clock, recov 
ering the second ranging signal from the second RF signal, 
and determining a second pseudorange based on the second 
ranging signal; Wherein a station comprising a transmitter of 
the second RF signal generates a third pseudorange based on 
the ranging signal and a fourth pseudorange based on the 
second ranging signal; and Wherein a clock bias betWeen the 
?rst and second clocks is determined based on the pseudo 
ranges. In some embodiments, generating the self-test output 
further comprises: determining the clock bias, Wherein the 
self-test output represents the clock bias. 
[0012] The details of one or more implementations are set 
forth in the accompanying draWings and the description 
beloW. Other features Will be apparent from the description 
and draWings, and from the claims. 

DESCRIPTION OF DRAWINGS 

[0013] FIG. 1 depicts an example implementation that 
includes a user terminal that communicates over an air link 

With an optional base station. 
[0014] FIG. 2 illustrates an operation of the implementa 
tion of FIG. 1. 
[0015] FIG. 3 depicts the geometry of a position determi 
nation using three transmitters. 
[0016] FIG. 4 is a block diagram of the architecture of a 
PTT according to one implementation. 
[0017] FIG. 5 is a ?owchart of a process performed by 
PTT according to one implementation. 
[0018] FIG. 6 shoWs a self-check unit according to some 
embodiments of the present invention. 
[0019] FIG. 7 shoWs a process for the self-test circuit of 
FIG. 6 according to some embodiments of the present 
invention. 
[0020] FIG. 8 shoWs a process for the self-test circuit of 
FIG. 6 according to some embodiments of the present 
invention. 
[0021] FIG. 9 shoWs a ranging system comprising tWo 
PTTs each comprising a transmitter and a receiver, respec 
tively, according to some embodiments of the present inven 
tion. 
[0022] FIG. 10 shoWs a self-survey unit according to some 
embodiments of the present invention. 
[0023] FIG. 11 shoWs a process for the self-test circuit of 
FIG. 10 according to some embodiments of the present 
invention. 
[0024] FIG. 12 shoWs a self-synchronization unit accord 
ing to some embodiments of the present invention. 
[0025] FIG. 13 shoWs a process for the self-test circuit of 
FIG. 12 according to some embodiments of the present 
invention. 
[0026] FIG. 14 shoWs a receiver capable of processing 
both television signals and GPS signals for position deter 
mination according to one embodiment. 
[0027] The leading digit(s) of each reference numeral used 
in this speci?cation indicates the number of the draWing in 
Which the reference numeral ?rst appears. 

DETAILED DESCRIPTION 

[0028] As used herein, the term “server” generally refers 
to an electronic device or mechanism, and the term “mes 
sage” generally refers to an electronic signal representing a 
digital message. As used herein, the term “mechanism” 
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refers to hardware, software, or any combination thereof. 
These terms are used to simplify the description that follows. 
The servers and mechanisms described herein can be imple 
mented on any standard general-purpose computer, or can be 
implemented as specialized devices. 
[0029] Introduction 
[0030] Broadcast television signals can be used to deter 
mine the position of a user terminal. Techniques for deter 
mining the position of a user terminal using the American 
Television Standards Committee (ATSC) digital television 
(DTV) signal are disclosed in US. Non-provisional patent 
application Ser. No. 09/887,158, “Position Location using 
Broadcast Digital Television Signals,” by James J. Spilker 
and Matthew Rabinowitz, ?led Jun. 21, 2001, the disclosure 
thereof incorporated by reference herein in its entirety. 
Techniques for determining the position of a user terminal 
using the European Telecommunications Standards Institute 
(ETSI) Digital Video Broadcasting-Terrestrial (DVB-T) sig 
nal are disclosed in US. Provisional Patent Application Ser. 
No. 60/337,834, “Wireless Position Location Using the 
Japanese ISDB-T Digital TV Signals,” by James J. Spilker, 
?led Nov. 9, 2001, the disclosure thereof incorporated by 
reference herein in its entirety. Techniques for determining 
the position of a user terminal using the Japanese Integrated 
Services Digital Broadcasting-Terrestrial (ISDB-T) signal 
are disclosed in commonly-owned copending US. Non 
provisional patent application Ser. No. 09/932,010, “Posi 
tion Location using Terrestrial Digital Video Broadcast 
Television Signals,” by James J. Spilker and Matthew 
Rabinowitz, ?led Aug. 17, 2001, the disclosure thereof 
incorporated by reference herein in its entirety. Techniques 
for determining the position of a user terminal using the 
NTSC (National Television System Committee) analog tele 
vision (TV) signal are disclosed in commonly-owned 
copending US. Pat. No. 6,559,800 and US. Pat. No. 6,522, 
297, the disclosures thereof incorporated by reference herein 
in their entirety. 
[0031] Each of these television signals includes compo 
nents that can be used to obtain a pseudo-range to the 
transmitter of the television signal. When multiple such 
pseudo-ranges are known, and the locations of the transmit 
ters are known, the position of the user terminal can be 
determined with accuracy. Suitable components within the 
ATSC digital television signal include synchronization 
codes such as the Field Synchronization Segment within an 
ATSC data frame and the Synchronization Segment within 
a Data Segment within an ATSC data frame. Suitable 
components within the ETSI DVB-T and ISDB-T digital 
television signals include scattered pilot carriers. Suitable 
components within the NTSC analog television signal 
include the horizontal synchronization pulse, the horizontal 
blanking pulse, the horizontal blanking pulse and horizontal 
synchronization pulse taken together, the ghost canceling 
reference signal, the vertical interval test signal, and other 
chirp-type signals. 
[0032] Positioning techniques using television signals 
should revolutionize the technology of navigation and posi 
tion location. The ubiquitous availability of television sig 
nals allows for coverage anywhere that television is avail 
able. In fact, with the use of time-gated delay-lock loops, it 
is possible to use television signals for positioning even 
beyond those areas where television reception is available. 
Details are provided in, for example, US. Non-provisional 
patent application Ser. No. 10/054,262, “Time-Gated Non 
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coherent Delay Lock Loop Tracking of Digital Television 
Signals,” by James J. Spilker, Jr. and Matthew Rabinowitz, 
?led Jan. 22, 2002. However, in some situations, it is 
possible that a multiplicity of strong television signals will 
not be available due to less than adequate television avail 
ability, severe building attenuation, a severe multipath envi 
ronment, or other causes. In addition, while television sig 
nals can provide very good positioning information on the 
horizontal plane, there may be situations, such as determin 
ing the position of police and ?remen in a building, where 
precise vertical information is necessary as well. 

[0033] According to one aspect of the present invention, a 
portable pseudo-television transmitter is provided. In cases 
where a multiplicity of strong television signals are not 
available, for example, in a building, one or more pseudo 
television transmitters can be brought to the site to provide 
additional signals for precise positioning. In one aspect, each 
portable pseudo-television transmitter has the ability to 
determine its position precisely using television-signal posi 
tioning techniques, GPS positioning techniques, or other 
standard positioning techniques. For example, the pseudo 
television transmitters can contain television monitor units 
similar to those described in US. Provisional Patent Appli 
cation Ser. No. 60/293,812, “DTV Monitor System Unit 
(MSU),” by James J. Spilker and Matthew Rabinowitz, ?led 
May 25, 2001, US. Pat. No. 6,839,024, and US. Pat. No. 
6,963,306, the disclosures thereof incorporated herein by 
reference in its entirety. The PTTs have many applications, 
for example, for emergency location of ?remen or other 
emergency personnel in a building or other environment. 
The PTTs can be mounted on ?re trucks or other emergency 
vehicles. 
[0034] One or more of the PTTs can be hand-carried to the 
entrance to the building or facility of operation. An emer 
gency location handset (also referred to herein as a “user 
terminal”) carried by emergency personnel receives signals 
from the small rugged PTTs that are carried in the emer 
gency vehicles or placed at convenient locations at the base 
of the site. The user terminal can also use other signals, such 
as those provided by broadcast TV transmitters and satellite 
positioning systems such as GPS, to determine its position. 
[0035] The emergency location handset recovers pseudo 
ranges from each of these transmitters, and then relays these 
measurements to an emergency location processor (also 
referred to herein as a “location server”) that can also be 
located at the emergency site if desired. The emergency 
location processor then displays the location of each of the 
emergency handsets in both horizontal position and in height 
or building ?oor. Thus the leader of the emergency team not 
only can communicate with each of the emergency handsets 
but also can see a display in three dimensions of the 
locations of each of the handsets. 
[0036] The PTTs can transmit at much lower power than 
a conventional TV transmitter and can use specially assigned 
TV frequencies in the Channel 60 or above frequency range, 
for example. Alternatively, the PTTs can use television 
channels that are not already allotted to television stations in 
a given area. The power transmitted by the PTTs can be 
greatly reduced relative to that needed by commercial TV 
transmitters for several reasons. The PTTs are much closer 
to the emergency personnel; instead of 50 miles away they 
might only be 500 feet away, a factor of 500 in distance or 
in power even for a 4’h-power equation, a factor of 6.25>< 
1010 or 107.9 dB power reduction. Even a square law power 
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relationship yields a factor of 53.9 dB. Assuming a TV 
transmitter ERP of 1 MW or 60 dB, the square law perfor 
mance would reduce the power required to 4 W. In addition, 
the PTT signal can carry continuous repeats of the known 
components useful for ranging, such as the DTV ?eld 
synchronization signal, instead of only once per 313 seg 
ments. This allows another factor of 3 13 reduction in power. 
[0037] Finally, the signal power required for precise posi 
tioning is far less than that needed for TV reception by a 
factor of perhaps 50 dB or more. Furthermore, the 6 MHZ 
signal bandwidth provides a wider bandwidth than the GPS 
signal by a factor of approximately 6. 
[0038] Referring to FIG. 1, an example implementation 
100 includes a user terminal 102 that communicates over an 

air link with an optional base station 104. In some imple 
mentations, user terminal 102 is a wireless telephone and 
base station 104 is a wireless telephone base station. In some 
implementations, base station 104 is part of a mobile MAN 
(metropolitan area network) or WAN (wide area network). 
In other implementations, user terminal 102 communicates 
directly with a location server 110, and base station 104 is 
not needed. 

[0039] FIG. 1 is used to illustrate various aspects of the 
invention but the invention is not limited to this implemen 
tation. For example, the phrase “user terminal” is meant to 
refer to any object capable of implementing the position 
location techniques described herein. Examples of user 
terminals include PDAs, mobile phones, cars and other 
vehicles, and any object which could include a chip or 
software implementing the position location techniques 
described herein. Further, the term “user terminal” is not 
intended to be limited to objects which are “terminals” or 
which are operated by “users.” 
[0040] Position Location Performed by a DTV Location 
Server 
[0041] FIG. 2 illustrates an operation of implementation 
100. User terminal 102 receives a plurality of broadcast 
signals (step 202). The broadcast signals include one or 
more ranging signals transmitted by one or more pseudo 
television transmitters (PTT) 118. As described below, each 
ranging signal broadcast by a PTT 118 includes a known 
component of a television signal. In one embodiment, the 
position of user terminal 102 is determined based only upon 
the PTT ranging signals. However, if other suitable signal 
are available, they can be used as well. Accordingly, the 
broadcast signals received by user terminal 102 can also 
include one or more DTV signals transmitted by one or more 
DTV transmitters 106 and one or more analog TV signals 
transmitted by one or more TV transmitters 105. 

[0042] In one embodiment, user terminal 102 can deter 
mine its position based on these types of signals. User 
terminal 102 can scan over the available channels and 
acquire signals from PTTs 118 alone or in conjunction with 
standard, ?xed, terrestrial television towers. Having 
acquired a signal, user terminal 102 determines whether the 
signal includes a signal component matching one of the 
known components the user terminal can use for ranging. 
[0043] Various methods can be used to select which DTV 
channels to use in position location. In one implementation, 
a location server 110 tells user terminal 102 of the best DTV 
channels to monitor. In one implementation, user terminal 
102 exchanges messages with location server 110 by way of 
base station 104. In one implementation user terminal 102 
selects DTV channels to monitor based on the identity of 
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base station 104 and a stored table correlating base stations 
and DTV channels. In another implementation, user terminal 
102 can accept a location input from the user that gives a 
general indication of the area, such as the name of the 
nearest city; and uses this information to select DTV chan 
nels for processing. In one implementation, user terminal 
102 scans available DTV channels to assemble a ?ngerprint 
of the location based on power levels of the available DTV 
channels. User terminal 102 compares this ?ngerprint to a 
stored table that matches known ?ngerprints with known 
locations to select DTV channels for processing. This selec 
tion is based on the power levels of the DTV channels, as 
well as the directions from which each of the signals are 
arriving, so as to minimize the dilution of precision (DOP) 
for the position calculation. Similar methods can be used to 
select TV channels for use in position determination. 

[0044] User terminal 102 determines a pseudo-range 
between the user terminal 102 and the transmitter of each 
selected broadcast signal (step 204). Each pseudo-range 
represents the time difference (or equivalent distance) 
between a time of transmission from a transmitter of a 
component of the broadcast signal and a time of reception at 
the user terminal 102 of the component, as well as a clock 
offset at the user terminal. 

[0045] User terminal 102 transmits the pseudo-ranges to 
location server 110. In one implementation, location server 
110 is implemented as a general-purpose computer execut 
ing software designed to perform the operations described 
herein. In another implementation, location server 110 is 
implemented as an ASIC (application-speci?c integrated 
circuit). In one implementation, location server 110 is imple 
mented within or near base station 104. Location server 110 
can also be implemented as a portable unit, to be transported 
by emergency vehicles and crews. 

[0046] The broadcast signals are also received by a plu 
rality of monitor units 108A through 108N. Each monitor 
unit 108 can be implemented as a small unit including a 
transceiver and processor, and can be mounted in a conve 
nient location such as a utility pole, transmitters 105 and 
106, or base stations 104. In one implementation, monitor 
units 108 are implemented on satellites. Monitor unit 108 
can also be implemented as a portable unit, to be transported 
by emergency vehicles and crews. 

[0047] Each monitor unit 108 measures, for each of the 
received signals, a time offset between the local clock of the 
transmitter of the signal and a reference clock. In one 
implementation the reference clock is derived from GPS 
signals. The use of a reference clock permits the determi 
nation of the time offset for each transmitter when multiple 
monitor units 108 are used, because each monitor unit 108 
can determine the time offset with respect to the reference 
clock. Thus, offsets in the local clocks of the monitor units 
108 do not affect these determinations. 

[0048] In another implementation, no external time refer 
ence is needed. According to this implementation, a single 
monitor unit receives signals from all of the same transmit 
ters as does user terminal 102. In effect, the local clock of the 
single monitor unit functions as the time reference. 

[0049] In one implementation, each time offset is modeled 
as a ?xed offset. In another implementation each time offset 
is modeled as a second order polynomial ?t of the form 
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[0050] that can be described by a, b, c, and T. In either 
implementation, each measured time offset is transmitted 
periodically to the location server using the Internet, a 
secured modem connection, as part of DTV broadcast data, 
or the like. In one implementation, the location of each 
monitor unit 108 is determined using GPS receivers. 

[0051] Location server 110 receives information describ 
ing the phase center (i.e., the location) of each TV trans 
mitter 105 and DTV transmitter 106 from a database 112. In 
one implementation, the phase center of each transmitter is 
measured by using monitor units 108 at different locations to 
measure the phase center directly. One approach to doing 
this is to use multiple time-synchronized monitor units at 
knoWn locations. These units make pseudo-range measure 
ments to a transmitter at the same time instant, and those 
measurements can be used to inverse-triangulate the location 
of the transmitter phase centers. In another implementation, 
the phase center of each transmitter is measured by survey 
ing the antenna phase center. Once determined, the phase 
centers are stored in a data base 112. 

[0052] Each PTT 118 determines its location, as described 
beloW, and broadcasts information describing the position. 
Location server 110 can receive the PTT position informa 
tion directly from the PTTs 118, or from some other device 
such as phase center database 112. 

[0053] In one implementation, location server 110 
receives Weather information describing the air temperature, 
atmospheric pressure, and humidity in the vicinity of user 
terminal 102 from a Weather server 114. The Weather 
information is available from the Internet and other sources. 
location server 110 determines tropospheric propagation 
velocity from the Weather information using techniques such 
as those disclosed in B. Parkinson and J. Spilker, Jr. Global 
Positioning System-Theory and Applications, AIAA, Wash 
ington, DC, 1996, Vol. 1, Chapter 17 Tropospheric Effects 
on GPS by J. Spilker, Jr. 

[0054] Location server 110 can also receive from base 
station 104 information Which identi?es a general geo 
graphic location of user terminal 102. For example, the 
information can identify a cell or cell sector Within Which a 
cellular telephone is located. This information is used for 
ambiguity resolution, as described beloW. 
[0055] Location server 110 determines a position of user 
terminal 102 based on the pseudoranges and a location and 
clock offset of each of the transmitters (step 206). FIG. 3 
depicts the geometry of a position determination using three 
transmitters 302. Transmitter 302A is located at position (Xl, 
yl). The range betWeen user terminal 102 and transmitter 
302A is rl. Transmitter 302B is located at position (X2, y2). 
The range betWeen user terminal 102 and transmitter 302B 
is r2. Transmitter 302N is located at position (X3, y3). The 
range betWeen user terminal 102 and transmitter 302N is r3. 

[0056] Location server 110 may adjust the value of each 
pseudo-range according to the tropospheric propagation 
velocity and the time offset for the corresponding transmitter 
302. Location server 110 uses the phase center information 
from database 112 to determine the position of each trans 
mitter 302. 

[0057] User terminal 102 makes three or more pseudo 
range measurements to solve for three unknoWns, namely 
the position (X, y) and clock offset T of user terminal 102. In 
other implementations, the techniques disclosed herein are 
used to determine position in three dimensions such as 
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longitude, latitude, and altitude, and can include factors such 
as the altitude of the transmitters. 

[0058] The three pseudo-range measurements prl, pr2 and 
pr3 are given by 

prl :rl+T (2) 

pr2:r2+T (3) 

pr3:r3+T (4) 

[0059] The three ranges can be expressed as 

rlILX-Xll (5) 

r2:LX-X2\ (6) 

r3:LX—X3l (7) 

[0060] Where X represents the tWo-dimensional vector 
position (X, y) of user terminal 102, X1 represents the 
tWo-dimensional vector position (Xl, yl) of transmitter 
302A, X2 represents the tWo-dimensional vector position 
(X2, y2) of transmitter 302B, and X3 represents the tWo 
dimensional vector position (X3, y3) of transmitter 302N. 
These relationships produce three equations in Which to 
solve for the three unknoWns X, y, and T. Location server 110 
solves these equations according to conventional Well 
knoWn methods. In an E911 application, the position of user 
terminal 102 is transmitted to E911 location server 116 for 
distribution to the proper authorities. In another application, 
the position is transmitted to user terminal 102. In an 
emergency application, the position can be transmitted 
directly to portable receivers carried by emergency creWs. 

[0061] NoW, techniques for projecting the measurements 
at the user terminal 102 to a common instant in time are 

described. Note that this is not necessary if the clock of the 
user terminal 102 is stabiliZed or corrected using a signal 
from the cellular base station, a transmitter 105, 106, or a 
PTT 118. When the user clock is not stabiliZed, or corrected, 
the user clock offset can be considered to be a function of 

time, T(t). For a small time interval, A, the clock offset, T(t), 
can be modeled by a constant and a ?rst order term. Namely, 

[0062] We noW reconsider equations (2a)-(4a) treating the 
clock offset as a function of time. Consequently, the pseudo 
range measurements are also a function of time. For clarity, 
We assume that the ranges remain essentially constant over 

the interval A. The pseudo-range measurements may be 
described as: 

prl(ll):rl+T(ll) (2b) 

pr2(l2):r2+T(l2) (3b) 

prN(lN):rN+T(lN) (4b) 

[0063] In one embodiment, the user terminal 102 com 
mences With an additional set of pseudo-range measure 
ments at some time A after the initial set of measurements. 
These measurements may be described: 




















